An efficient and direct procedure for the synthesis of amidoalkylnaphthol derivatives employing a multi-component and one-pot condensation reaction of 2-naphthol, aromatic aldehyde and acetonitrile in the presence of tetrachlorosilane (TCS). A binary reagent from (TCS)/ZnCl2 was used upon applying benzonitrile.
Introduction
A recent increased attention witnessed to the use of tetrachlorosilane (TCS), a cheap industrial intermediate, in different areas of the organic chemistry has now reached significant levels, not only for the possibility to perform environmentally benign synthesis, but for the good yield. In continuation of our investigations on the development and applications of new in situ reagents derived from tetrachlorosilane in organic synthesis [1] - [9] , we have developed an efficient, general, and convenient protocol for the multicomponent synthesis of 1-amidoal-kyl-2-naphthols.
Typical Procedure
In 50 ml round bottom flask equipped with air condenser and magnetic stirring bar, a mixture of aromatic aldehyde (5 mmol), anhydrous naphthol (5 mmol), and tetrachlorosilane (1.8 ml, 15 mmol) was allowed to stir at room temperature for 10 minutes. To this reaction mixture, 5 mmol of nitrile [acetonitrile or benzonitrile] was added and the stirring process was continued for further time (monitored by TLC). The reaction mixture was quenched using ice cold water. The aqueous solution was extracted with chloroform (3 × 30 ml) and then the chloroform extract was dried over anhydrous Na 2 SO 4 and concentrated over boiling water bath. The residual oil was purified using preparative thin layer chromatography using silica gel to give the products in pure form.
(1) N-((2-Hydroxynaphthalen-1-yl)(phenyl)methyl)acetamide: mp 246˚C (lit. [12] 
Results and Discussion
With the aim to develop more efficient synthetic processes and convenient protocol; for the one-pot synthesis of 1-amidoalkyl-2-naphthols, biologically active drug like molecules [29] - [31] . We herein describe a practical, inexpensive protocol for the preparation of 1-amidoalkyl-2-naphthols via multi component condensation reaction between various aromatic aldehydes, β-naphthols and nitriles including alkyl and aryl nitrile using readily available tetrachlorosilane (TCS) reagent at room temperature, and solvent-free conditions. To test the general scope and versatility of this procedure in the synthesis of a variety of substituted amidoalkyl naphthols, we examined a number of different substituted aromatic aldehydes, 2-naphthol and acetonitrile. To optimize the reaction condition, the reaction of benzaldehyde, β-naphthol and acetonitrile was selected as a model to investigate the effects of different amounts of reagent on the yield. The best result was obtained by carrying out the reaction with one molar amounts of aldehyde and β-naphthol, and two molar amounts of acetonitrile as shown in Table 1 . We also examined the reaction in various solvents. Chlorinated solvents such as methylene chloride or 1,2-dichloroethane were found to be ineffective solvents yielding the reaction product in very low conversion. The donor solvents such as tetrahydrofuran (THF) and diethyl ether (DEE) were completely inhibited the reaction.
The reaction between benzaldehyde, acetonitrile and 2-naphthol was carried out without TCS and we found that no reaction takes place. To determine the optimum quantity of TCS, the reaction was carried out at room temperature. The use of two equimolar amounts of TCS, resulted in the highest yield. The molar ratio of aldehyde, β-naphthol, acetonitrile and TCS was kept at 1:1:2:2, respectively (Scheme 1).
Thus we prepared a range of 1-amidoalkyl-2-naphthols under the optimized reaction conditions: stirring the β-naphthol (1 mmol), aryl aldehydes (1 mmol) and acetonitrile (2 mmol) in the presence of tetrachlorosilane (2 mmol) at room temperature. A series of 1-amidoalkyl-2-naphthols were prepared in high to excellent yields ( Table 2 ).
In the case of aromatic aldehydes the three-component reaction proceeded smoothly to give the corresponding 1-amidoalkyl-2-naphthols in high yields. Due to the availability of a vast number of aromatic aldehydes, this three component reaction can be very useful to synthesis the desired products.
As Table 2 shows that, the reaction proved to be general and tolerated a variety of aromatic aldehydes with substituent carrying either electron-donating ( Table 2 , entries 2, 3, 4, 6, 7, and 10) or electron-withdrawing groups ( Table 2 , entries 5, 8, and 9). Although as can be seen from the results of table, this reaction is affected by electronic and steric factors.
The suggested mechanism for this reaction is depicted in Scheme 2. This mechanism involves 1,2-addition of tetrachlorosilane (TCS) to aldehyde to produce silyl ether intermediate [A] . On the other hand, 2-naphthol reacted with TCS and produce silyl enol ether [B] and HCl. As reported in literature [32] [33] the reaction of 2-naphthol with aromatic aldehydes in the presence of Lewis acid is known to give ortho-quinone methides (o-QMs). The same o-QMs, generated in-situ, intermediate [E] have been reacted with nitrilium salt [34] [35] [C] to form 1-amidoalkyl-2-naphthol after hydrolysis (Scheme 1). The reaction gave the desired products in the Ritter type reaction [36] [37] at room temperature.
To our knowledge, there is no general protocol employing aromatic nitrile in such addition so far. Therefore, we examined the reaction of benzonitrile with aldehyde, β-naphthol and TCS as representative example to aryl nitrile. It is noteworthy that no reaction was observed under the above conditions to give the corresponding Scheme 1. Reaction of different aldehydes, acetonitrile and 2-naphthol. 1-amidoalkyl-2-naphthols typically. The use of two equivalents of benzonitrile and tetrachlorosilane and one equivalent of zinc chloride as a binary reagent in the reaction resulted in the highest yield of N-((2-hydroxynaphthalen-1-yl) (phenyl)methyl)benzamide, which might be attributed to steric factors as well as to the low of nucleophilicity of benzonitrile (Scheme 3).
As shown in Table 3 , reaction of aldehydes with β-naphthol and benzonitrile in the presence of tetrachlorosilane and zinc chloride as a binary reagent under solvent-free conditions at room temperature produced highest yields from 1-benzamidomethyl-2-naphthol derivatives.
Attempts to bring aliphatic aldehydes such as acetaldehyde into the reaction with 2-naphthol and acetonitrile under mild conditions were mostly unsuccessful. Therefore no other aliphatic Aldehydes were examined. To regard the purity of the compounds prepared, melting point and infrared spectra were matched with previously reported literature data. NMR and MS analysis to some compounds revealed the correct structure of the products obtained.
Conclusion
An efficient one-pot method has been developed for the synthesis of 1-amidoalkyl-2-naphthols from condensation of aldehyde, β-naphthol, acetonitrile and TCS as condensing reagent. The present methodology gives several Scheme 2. Suggested mechanism for the formation of 1-amidoal-kyl-2-naphthol. advantages such as simple procedure, easy workup, high yields, and solvent free reaction conditions. The salient feature of this methodology includes an easy purification, generality and in addition no cumbersome apparatus were needed.
